Abstract-This paper presents the application of Cuckoo Search Algorithm (CSA) in solving the combined economic and emission (CEED) dispatch problem. As been known, CEED can be formulated as a multi-objective optimization problem which is involving two objectives that conflicting each other. The objective is to find the tradeoff between minimizing the costs of fuel as well as minimizing the emission levels simultaneously while satisfying all the constraints. In this paper, this bi-objective function is transformed into a single objective function by introducing the price penalty and weighting factors. In order to show the effectiveness of CSA in solving CEED, two test systems are used: 6-units and 40-units generator systems. The comparison with other recent techniques is also given in this paper.
INTRODUCTION
One of the most important issues emerged in power system complexity is economic dispatch (ED) problem. ED is a fundamental issue which aims to find the optimal power generation to match with the demand while satisfying all the systems' constraints. Due to awareness over the environmental considerations, society demands adequate and secure electricity not only at the cheapest possible price, but also at the minimum level of pollution. This brings to the new problem regarding the economic operation of power system, namely combined economic emission dispatch (CEED). The CEED problem is a nonlinear multi-objective optimization problem, which is basically to solve an optimal amount of generating from fossil fuel by minimizing the fuel cost and emission level simultaneously.
Numbers of works on CEED have been reported in literature. A modified bacterial foraging algorithm (MBFA) has been proposed in [1] . The modification has been done in conventional BFA which is the fuzzy based was hybrid in the proposed technique. The combination of different differential evolution (DE) and biogeography based optimization (BBO) to solve CEED has been discussed in [2] . Ref. [3] discusses comparisons of Artificial Intelligence techniques to solve CEED with the line flow constraints. The comparisons have been made among genetic algorithm (GA), evolutionary programming (EP), particle swarm optimization (PSO) and DE. Nevertheless, it is end up without pointing out which method is the best to solve CEED. The implementation of multi-objective differential evolution (MODE) on CEED has been proposed in [4] . The applications of Gravitational Search Algorithm (GSA) [5] , Spiral Optimization Algorithm (SOA) [6] and simplified recursive approach [7] into CEED also have been proposed in literature.
In this paper, the usage of Cuckoo Search Algorithm (CSA) [8] has applied in solving CEED problem. The rest of this paper is organized as follows: Section 2 discusses the problem formulation of CEED followed by the brief description of CSA in Section 3. Section 4 presents the CEED via CSA and the simulation results and discussion is reported in Section 5. Finally, the conclusion is stated in Section 6.
II. CEED PROBLEM FORMULATION
The objective function of CEED is to find the minimum cost of thermal power generation and the minimum level of emission concurrently without violating any constraints. The problem can be formulated as follow:
The fuel cost function of thermal power generation which is normally expressed as quadratic function as follows:
where P Gi is the real power generation of generator i for dispatched hour, N is the total number of generation units and a i , b i and c i are the coefficients of the fuel cost function for generator i. The coefficients d i and e i are used only if the valve loading effect is taken into account.
B. Emission level minimization
The total emission such as NO x or SO 2 can be defined as the sum of quadratic function. In this paper, only NO x emission will be taken into account and can be expressed as follows [5] :
where f i , g i and j i are the coefficients of the emission function for generator i. The coefficients k i and m i are used only if the valve loading effect is taken account.
C. Constraints
The quadratic functions in (1) and (2) are subject to the equality and inequality constraints. For equality constraint, the total power output produced by each generator must be equal to the loads demands and the system losses, which can be illustrated as follows:
where P Demand is the total real power demand and P Loss is the system losses in the network.
For inequality constraint, the power output must be within the generation capacity constraint, as follows:
where P Gi min and P Gi max is the lower bound and upper bound of the generator i respectively.
D. CEED formulation
The CEED problem can be expressed in term of combination of two objectives viz. fuel cost and emission by implementing a price penalty and weighting factors. Hence, the bi-objective CEED can be formulated into a singleobjective form, as follows [6] :
where C T is the total cost in $/hour, w is the weighting factor that can be varied between 0 and 1 and h is the price penalty factor in $/hour expressed as follows:
Cuckoo Search Algorithm (CSA) is the recent natureinspired meta-heuristic technique proposed by [8] which mimics the parasitic behavior of Cuckoo birds in reproduction strategy. CSA is developed based on two main operations: direct search based on Levy flights and random search based on the probability of host Cuckoo birds in order to discover an alien egg in its nest. The procedure of CSA can be described as follows:
A. Initialization
The initialization process is started by setting the number of population, X i,j in random as following: ) , (
.,NP and j=1,2..,,D (7) where NP, D and U are the population size, the dimension of variables to be optimized and uniform distribution, respectively.
B. New solution via Levy flights
Ley flight is used to obtain the new solution based on the previous best nest. The optimal path is obtained as follows [8] :
where α > 0 is the updated step size and randn a is a normal distributed stochastic number. To obtain ΔX i,new the following expression is used:
where randn b and randn c are two normally distributed stochastic variables. σ x (β) and σ y (β) are standard deviation which can be calculated as follow:
where β is the distribution factor and Γ(.) is the gamma distribution function.
C. Alien egg discovery and randomization step
The discovery of alien egg in a nest of a host bird, X i,disc with the probability of p a will create a new solution similar to the Levy flight, as follows:
where K and ΔX i,disc are the updated coefficient and the changes of X i,disc respectively which can be expressed as:
where rand() is the distributed random number between [0,1], randp a and randp b are the random perturbation for position of nests in Xbest i .
IV. CEED VIA CSA
The implementation of CSA into CEED problem is done as follows:
Step 1: Initialization within the search space. Let
where pop is the number of population and P Gi is the generation unit i that ranging within [P Gi min , P Gi max ]. Each population should satisfy the constraints in (3) and (4).
Step 2: Evaluate. (Calculate the value of F, E or C T for each population). Record the best fitness so far.
Step 3: Generate new solution (Levy flight) and check boundaries.
Step 4: Alien discovery and randomization. Check boundaries.
Step 5: Evaluate the new set of solutions.
Step 6: Record the best fitness so far.
Step 7: Repeat Steps 3-6 until the stopping criterion is reached.
Step 8: Print optimal results and fitness value.
V. SIMULATION RESULTS AND DISCUSSION
To exhibit the effectiveness of CSA, it has been tested on two well-known test systems viz. 6-units and 40-units systems. These test systems are widely used in solving CEED problem and the results obtained by CSA are compared with various meta-heuristic techniques available in literature.
A. 6-units system
This system consists of six-units of generator with quadratic cost and emission levels functions. The coefficients for fuel costs and emissions together with the generators' capacity constraints are tabulated in Table 1 [5] . The load is set to 1000 MW and the system is assumed lossless. For this system, the iteration is set to 100, pa is set to 0.35 and population is set to 30.
The best result of CEED for this system together with other meta-heuristic techniques is depicted in Table 2 . It can be seen that CSA is superior compared to others in term of minimum fuel cost as well as emission level. The detailed result of real power generation using CSA is tabulated in Table 3 . It can be seen that CSA is able to find the best combination of real power generation which gives the minimum fuel cost and emission level simultaneously compared to GSA. From this table also can be noted that the power generations obtained are within the capacity of individual generator unit shown in Table  1 . B. 40-units system This system consists of 40-units of generator with valve loading effect of fuel cost and emission functions are taken into consideration. The data for this system is obtained from [4] . Total load demand is set to 10500 MW. The settings of CSA parameters are similar with the previous test system except the maximum iteration is set to 5000.
The detail results for this system are tabulated in Table 4 . In this table, the comparison with other techniques also has been done. It can be seen that the fuel cost is 1.25701 x 10 5 $/h and the emission level is 1.95125 x 10 5 kg/h obtained by CSA which is the best results compared to others. From this table also shows that the results of individual generation are within the minimum and maximum boundaries by referring to the columns 2 and 3 respectively in Table 4 .
VI. CONCLUSION
In this paper, CSA was successfully applied in solving a combined economic and emission dispatch problem. The proposed CSA was tested on two well-known systems. The effectiveness of CSA has been demonstrated by the simulation results which have been presented in this paper. The implementation of CSA to solve CEED problem for more complex system includes the practical constraints and losses will be presented in the near future.
